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ABSTRACT 

Analysis of the revised final prediction data for  the five launch months under 
consideration (August through December) indicate that inboard engine cutoff wi l l  occur 
between 140.05 and 142.22 seconds af ter  f i r s t  motion. Outboard engine cutoff is 
expected th ree  seconds la ter  than the respective inboard engine cutoff time. These 
t imes  are based on the defined fuel and LOX load specific weights and stage pro- 
pellant fill weights for  each of the five months. 
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FOREWORD 

This  r epor t  p resents  the  final flight performance prediction data for the Saturn 
AS-205 Propulsion System, S-IB-5 Stage, and is authorized by contract  NAS8-4016 
DRL 039, Revision S, Item 35. C 

The final prediction data were determined by simulating the  first stage powered 
flight of Saturn AS-205 with the Mark IV computation procedure. The data presented 
in this  revised repor t  supersedes the information in the previous document, reference 'A .  
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Section 1 

SUMMA TION 

1.1 INTRODUCTION 

The mission and launch date f o r  the AS-205 vehicle used in the previous p re -  
diction (reference A )  have been revised. This report  presents  the nominal final flight 
performance prediction data f o r  five launch months (August through December) for the 
S-IB-5 propulsion system and describes the data and methods used in making the pre-  
dictions. 
(September and December) a r e  a lso included. 

Propulsion performance dispersion data f o r  two representative months 

1.2 OBJECT 

c 
To present the predicted performance parameters  of the S-IB-5 propulsion 

system. 

1 .3  CONCLUSIONS 

The propellant liquid level sensor actuation t imes  and the corresponding engine 
cutoff sequence were determined from the prediction data. A summary  of pertinent 
prediction data for  each month under consideration is presented in table VI. 

The best  engine character is t ic  data for  the prediction were determined by an 
analysis of the engine performance data from Rocketdyne single engine acceptance 
tests and SA-34 and SA-35 stage static tests. An analysis comparing past flight 
data with Rocketdyne acceptance tes t  data and stage test data showed that,  although 
s tage tes t  data more often predicted flight with g rea t e r  accuracy, the Rocketdyne data 
showed more  consistent deviations. By applying biasing factors  to the Rocketdyne 
th rus t s  and flowrates, past flights could have been predicted with a much higher degree 
of accuracy than could have been determined by using either stage tes t  o r  Rocketdyne 
data. The engine data used for  this  prediction reflect Rocketdyne acceptance test 
data that were adjusted in accordance with the experience gained from the S-IB-1, 
S-IB-2, S-IB-3, and S-IB-4 stage flights. 
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Section 2 

DISCUSSION 

2 .1  VEHICLE DESCRIPTION 

AS-205 will be the fifteenth Saturn vehicle,  and the fifth of the Saturn IB series 
to be flight tested.  The AS-205 vehicle will consist  of the S-IB-5 f i r s t  stage, S-IVB-5 
second stage, the S-IU-205 instrument unit, and an Apollo command/service module 
payload. AS-205 is scheduled f o r  launch during the last half of 1968. 

2 .2  PREDICTED PERFORMANCE 

The Mark IV computer program was used to predict  t he  flight performance of the  
S-IB-5 stage. The latest available table of the H-1 engine influence coefficients 
( re ference  B) was used in this  prediction. Changes in criteria from that used in the 
last flight prediction (reference A)  re leased for S-IB-5, are the  launch date,  aero- 
dynamic and base drag, s tage trajectory,  and the engine performance biasing factors 
descr ibed in paragraph 2.2.3. 

2 .2 .1  Nominal Prediction 

The Mark IV computer program printouts, containing the detailed propulsion data 
for each launch month considered, a re  available for review. The specific performance 
data  for each month were  recorded on magnetic tapes  and s tored at the Slidell Com- 
puter  Center tape l ib rary  for  use by cognizant organizations. Duplicate copies of B6 
tapes ,  required by the Aero-Astrodynamics Laboratory (R-A ERO-FMT) MSFC, were 
submitted to the Performance Analysis Section (R-P& VE-PPE) MSFC. Card decks 
were  sent  to CCSD Weight Control Group, Section 2733, for evaluation and the B5 and 
B6 tapes  were made available to CCSD Flight Mechanics, Section 2783. 

Pertinent final weights data are presented in tables I through V and the stage 
parameters ,  including predicted fill weights, ullage volumes, and engine cutoff t imes ,  
are  in table VI. Vehicle thrust ,  specific impulse, fuel f lowrate,  LOX flowrate, and 
the mixture ratio, a s  functions of flight t ime referenced from first motion, a r e  shown 
in f igures  1 through 5. Figures 6 through 8 show, as  functions of flight t ime,  the LOX 
and fuel tank ullage pressures ,  the ambient pressure ,  and the LOX pump inlet specific 
weight. The average values for several  of the parameters ,  for  each month considered, 
are shown on f igures  I through 5 and figure 8. The averages  were  calculated f rom 
first motion to Inboard Engine Cutoff (IECO). 

3 



2 . 2 .  2 Propellant Usage 

The stage fill weights, l isted in table 11, were  determined for  a LOX volume of 

The propellant criteria is 
66,990.4 gallons and corresponding amounts of fuel which are  required for  simul- 
taneous depletion of the nominal consumable propellants. 
in reference C. 

Variations from the predicted fuel densit ies will requi re  adjustments to the  pre-  
dicted propellant loads to ensure  simultaneous depletion of the propellant. 

A fuel bias of 1,000 pounds is included in the fuel loads to  minimize propellant 
res idua ls  if there  a re  deviations from the predicted propellant mixture  ra t ios .  
fuel bias  is the same a s  that used for  all the previous S-IB stage flights. 

The 

The LOX specific weights a r e  based on the  predicted environmental conditions at 
launch. The predicted nominal fuel tempera tures  were determined by using an esti- 
mated ambient air  temperature and a n  approximate 8°F chilldown, due to LOX exposure,  
for  each of the five months considered. 

A l l  the LOX in the tanks,  sumps ,  and interchange l ines ,  except approximately 
three  gallons trapped in the center  tank sump, will be consumed. Approximately 75 
gallons of the LOX volume in the outboard engine suction line will a l so  be consumed 
if the predicted LOX starvation mode of Outboard Engine Cutoff (OECO) occurs .  The 
remaining LOX in the suction l ine is considered as unusable propellant and is listed 
a s  LOX residual in table VI. 

It is predicted that the fuel level at the end of outboard engine thrust  decay will 
be approximately a t  the bottom of the containers. 
l ines ,  and the suction l ines is listed as  residual in table VI. 

The fuel in the sump,  interchange 

The 1,000-pound fuel bias  is a portion of the predicted fuel residual and is 
available for consumption pr ior  to IECO. Approximately 850 pounds more  of the 
residual can be consumed pr ior  to OECO if a significantly lower than predicted con- 
sumption mixture  ratio is experienced. If a l l  the fuel is consumed, the OECO signal 
would originate from the  fuel depletion probes which are located approximately 11 
inches below the theoretical bottom of fuel tanks F-2 and F-4. If the  predicted per-  
formance occurs ,  this total of 1850 pounds of fuel will not be consumed. 

Thcre is a 19-inch diameter  orifice located in the center  LOX tank sump which 
causes  the LOX liquid level in the center  tank to be approximately three  inches above 
the level of the outboard tanks a t  IECO. The liquid level height differential between 
the center  LOX tank and the outboard LOX tank is an important factor when predicting 
stagc shutdown cr i ter ia  with a LOX pump starvation cutoff. This  differential estab- 
l ishes  the amount of LOX not yet consumed a t  the t ime of IECO. 
liquid level differential will cause an earlier than predicted liquid level sensor  actuation; 
consequently, a n  ear l ier  IECO and la te r  OECO will resul t .  A smal le r  than expected 
differential will cause the converse.  
tfiffcrcwtials a r e  not too significant in the overall  s tage performance because the total 
impulse ui l l  be approximately the same  a s  predicted, even though the engine cutoff 
t i n i t , s  a r c  t l i f fc~rcwt .  

A l a r g e r  than expected 

Small deviations from the predicted height 



2 . 2 . 3  Engine Performance 

Engine performance data f rom revised Rocketdyne acceptance test data logs 
(PAST-077) were  compared with the actual flight data from S-IB-1, S-IB-2, S-IB-3, 
and S-IB-4 flights. The comparison revealed that the Rocketdyne acceptance tests 
offered consistently incorrect  data: however, a statistical correlation could be drawn 
(table VII). Using this  data as a basis, a series of multipliers for  all reported 
Rocketdyne pa rame te r s  were  determined to c o r r e c t  the discrepancies. Utilizing this  
experience gained from the four S-IB flights, the following multipliers were computed: 
thrust ,  1.00813; chamber p re s su re ,  1.00727; pump speed, 1.00561; LOX flowrate, 
1.01188; and fuel flowrate, 1. 00314. A detailed analysis of these differences f o r  the 
first four  S-IB flights is presented in the “Launch-to-Launch Dispersion Analysis” 
(Reference D). Part of this presentation was extracted and is listed in table VIII. 

Table VIII shows the Rocketdyne data to be significantly lower in magnitude than 
the flight data: however, the differences are consistent. If each of the four flights 
had been predicted with the flight multipliers used for  this prediction, the engine 
performance data reduced to sea level and the rated conditions would have been pre-  
dicted to within a high degree of accuracy (0.25 percent). 

single engine test data. On an  average bas is ,  the engine thrusts  were 0.22 and 0.461 
p e r  cent higher for  the short  and long duration stage tes t s ,  respectively, than for the 
Rocketdyne data. Although the stage tes t  data was  not used in the prediction, it sup- 
ports  the assumption that the thrust  levels wil l  be significantly higher than the Rocket- 
dyne data. 

The flight multipliers account for the performance differences noted a t  30 seconds. 
Ln addition, the previous S-IB flights exhibited a shift in engine performance referenced 
to sea level and rated pump inlet conditions throughout flight. This shift included a 
buildup to quasi-stable conditions at approximately 30 seconds with a slower buildup 
thereafter.  The final AS-205 prediction includes a performance shift equivalent to 
that noted in the previous S-IB flight performances. Figure 10 shows this power level 
shift as a percentage of the predicted 30-second sea level thrust. The flight multipliers 
were used only to shift the curve upward. 
from an analysis of the first four S-IB flights. 

Table VU shows a comparison of the MSFC stage tes t  data and the Rocketdyne 

The shape of the curve w a s  determined 

m 

4 

2 . 2 . 4  Engine Cutoff Cri ter ia  

The time base T2 cutoff sequencing will be initiated when any one of the four 
liquid level s enso r s  is uncovered. The predicted actuation t imes are listed in  table VI. 
Liquid level s enso r s  are located in fuel tanks F-2 and F-4 and LOX tanks 0-2 and 
0-4. IECO will  be signaled by the launch vehicle digital computer (LVDC) 3.2 seconds 
after initiation of the T2 cutoff sequence. 

the outboard engines o r  by any of the fue l  depletion probes located in the sumps of 
fuel tanks F-2 and F-4. The predcted performance is based on the assumption that 
LOX pump starvation of two of the four outboard engines will occur 3 . 0  seconds af ter  
the IECO signal. and that the OECO signal will be caused by deactuation of the thrust  
OK pressure sLvitches. 

The OECO signal could be initiated by the thrust  OK p res su re  switches on any of 

Time base Tz sequencing is summarized below: 
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T + 0.0 sec - LVDC activated by LSA o r  back-up t imer.  
2 c 

T2 + 3.2 sec - IECO signal given by LVDC. 

T + 4.7 sec - Outboard engine thrust  OK p res su re  switches grouped. 2 

T + 5.7 sec - Fuel depletion senso r s  armed. 2 

T + 6.2 sec - OECO signal expected due to LOX starvation. 
2 

This T2 sequence was determined for  the predicted performance with the fuel and 
LOX liquid level sensors located as shown in figure 9. ' The locations are referenced 
from theoretical tank bottoms. 
grouping from the fuel depletion sensor  arming to minimize the possibility of OECO 
caused by a premature sensor signal. 

~ 

The sequence separates  the thrust  OK p res su re  switch 

2.2.5 Dispersions 

In addition to the nominal predictions, five flights were simulated for  two r ep re -  
sentative months to show the effects of various propulsion performance dispersions. 
These flights consist of fuel density dispersions due to i3-s igma prelaunch ambient 
a i r  temperature deviations, LOX density variations caused by f 3-sigma prelaunch 
environmental conditions, and the effect of a lower than expected propellant con- 
sumption rat io  on stage performance. The data,  obtained from the additional flight 
simulations, are shown in tables X and XI and were based on data in reference C. 
The resu l t s  of the simulations are available from the tapes  listed in table XII. 

A s  a result  of a premature fuel depletion cutoff during the S-IB-1 flight, the fuel 
i level sensor  heights were adjusted to make approximately 850 pounds of fuel available 
i for  consumption after IECO and pr ior  to OECO i f  a significantly lower than predicted 
' .  consumption ratio is experienced. Because of the possible consumption of this fue l ,  

the time between IECO and OECO could be as long as four seconds which would result 
in significant differences in t h e  S-IB-5 flight performance from that predicted. Since 
the nominal performance prediction a s sumes  a LOX starvation mode OECO with a 3- 
second differential between IECO and OECO, the possibility of a 4-second differential 
must be accounted for in the propulsion .performance dispersions. 

The co r rec t  dispersion to include this effect of t ime between IECO and OECO is 
in the engine mixture ratio (EMR) residual propellant dispersion. The data on the 
dispersion tapes reflect an effective shift of -0.68 percent in the propellant mixture 
ratio while holding the thrust  and specific impulse values the same  as the respective 
nominal cases.  The effective mixture ratio shift accounts for consumption of the 
1000-pound fuel bias prior to IECO and the 850 pounds of fuel bias available p r io r  to 
OECO. A s  a resul t ,  the 1850 pounds of addltional fuel wi l l  be consumed with the nominal 
LOX consumption. This wi l l  result  in the OECO signal being initiated simultaneously 
by the thrust  OK pressure switches and the fuel depletion probes. 
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Table VIX. Comparison of Rocketdyne, Stage Static Tes t ,  
and Predicted Thrust  Levels. 

Engine 
Position 

1 

2 

3 

4 

5 

6 

7 

8 

A v g .  

Delta 

Multiplier 

Roc ketdyne 
P A  ST-077 

200.75 

196.20 

198.44 

195.31 

196.44 

198.34 

196.18 

197.57 

197.40 

-- 
-- 

Short Test 
(SA -34) 

201.08 

197.28 

199.28 

196.19 

194.41 

199.72 

196.72 

197.99 

197.83 

+O. 43 

1.00218 

Long Test 
(SA-35) 

201.18 

197.88 

198.77 

197.74 

194.99 

198.58 

197.86 

199.48 

198.31 

c0. 91 

1.0046 1 

Flight 
Prediction* 

202.38 

197.80 

200.05 

196.90 

198.04 

199.95 

197.77 

199.18 

199.01 

+l. 60 

1.00813 

* See paragraph 2.2.3 
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Table VIII. Comparison of Average S-IB Stage Flight and Rocketdyne Sea Level Data 

s-IB-1 
S-IB-3 
S-IB-2 
S-IB -4 

S-IB-1 
S-IB -3 
S-IB-2 
S-IB-4 

Parameter  

0.58 0.24 
0.57 0.24 
0.80 6.34 
1.03 0.43 
0.75 Avg 0.31 Avg 

-0.53 -0.20 
-0.38 -0.14 
-6.32 -0.12 
+6.16 +O. 06 
-0.27 Avg -0.10 Avg 

Engine Thrust 
(W 

Engine LOX Flowrate 
(Ibm /sec) 

Engine Fuel Flowrate 
(Ibm/sec) 

Engine Specific Impulse 
(set) 

Engine Mixture Ratio 
(O/F) 

Chamber P res su re  
(Psi) 

I I 

Vehicle I Difference I Pct Difference 

S-IB-1 
S-IB-3 
S-IB-2 
S-IB-4 

1598 
1170 
1596 

0.80 
0.59 
0.80 

2153 1.67 
1629 Avg l -  0.82 Avg 
- 

S-IB-1 
S-IB -3 
S-IB-2 
S-IB-4 

7.06 
4.99 
6.22 
6.59 
6.22 Avg 

1.35 
0.95 
1 .19  
1.25 
1.19 Avg 

S-IB-1 
S-IB-3 
S- IB -2 
S-IB-4 

0.0242 
0.0157 
0.6181 
0.6185 
0.0191 Avg 

I 

1.01 
0.71 
0.82 
0.83 
0.84 Avg 

S-IB-1 
S-IB-3 
S- IB -2 4.92 
S-IB-4 6.64 

5.02 Avg 0.73 Avg 

Difference = Flight - Rocketdyne 
P c t  Difference = (Difference/Rocketdyne) 106 

NOTE: A l l  values derived using la tes t  gain table and revised Rocketdyne 
acceptance test data (PAST-077). 

14 



2) 

E 
irl 

8 

3 
m 

a 4 

c ln 
I 
c9 
M 
I 
VI 

3 
'* 

E 
h 
0 
h 
'4 

a" 
d a 

i 

+ + 
1 ea 
(0 ea 
0 P- 
hl ob 
1 4 

+ + 
ob 
W * ea 
ea 

c a w  * I n  C- o l n l n o  
m C J  P - v )  ln 

3 w  w 1  m W P - l n O  
P N  l n 1  m 0 m .  

m w  o b e a  c) . w o  
4 N  w r r ,  @a @a - C J  

. .  w b  . o b  
F 4  m ' d  4 e a r n *  

W 

e m  l n m  ln 4 m l n o  N w  w m  m 4 . m .  

3 w  m m  
N @ a  w v )  CJ @a - @ a  

ob . .  
N e J  0 ; c ;  W c; ? g g  

W 

@ a i  
E 

rd 
Q) 

.d - 
4 

fi 

Y 
(d 
0 
k 

Q) 
E 
M 

W 

.d 

a 

0 
.d 

2 
i 
E 
0 
.rl 

9 w 
Q, e 
M 
C w 

... 
I 

15 



3 
cd c 

0 

.- 
E 
z 

d 

cd c .- 
E 
E 

3 
cd c 
E 
0 z 

.3 

h 

b 
r": 
I 
Y 

- 

h 

t) 
3 
I 
w 

L n l n  

h 
h 

h 
-e 

d 
r": 
Lo 

0 
c- 

3 

h * 
b 
rl 

cJ 
(D 

d 
a3 
hl 

Lo 

CD 
m 
m * 

3 
d 
d 

3 * 
d 

0 
rl 
d 

m * 
d 

3 
Lo 
0 
W 
b 
hl 

s 
Ln 
d 
E? 
W 

3 

ea 
Lo 

d 

CD * 
m 

Lo 

d 

c, 
0 

h * 

m c- 
hl 

0 
c- 

0 

c- 
m 
b 
rl 

b 

3 
b 
00 
rl 

hl 
3 
0 
m 
N 

W 
m 
m 
0 * 
d 

3 
Lo 
0 
(0 
b 
hl 

m 
hl 
0 
rl 
m 
W 

0 

hl 

Lo 

d 

@a 
@a 

d 

h 

0 
Q) m 
w 

h 

0 
Q) 
m - 
0 u 
2 v 

h 

fl 
Y 

m 
cd 

2 
X 
0 
4 

h 

E 
Q) 
60 
Q 

3 
d 3 



b 

d 
cd c 
.rl 

E 
2 

.-( 

r j  c 
.-I 

E 
2 

h 

b 
m 
I 
Y 

h 

b 
e. . + 
w 

- 

h 

b 
m 
I 
v 

n 
b 
3 + 
W 

c1 ." 
E .- 
d 

h 

P 
m 
P 
0 
k a 
0 

Y .C( 

.-( .C( 

Y 

m 

* 
l n d  

N 
3 

In 
s 

rl 
W 
In 

0 
e- 

* 
m * 
b 
d 

0 
W 

CO 
N 

d 

P 
N 
d 
m 
N 

c) 
m 
N 

0 * 
d 

c? m 
N 

c? * 
d 

P- 
b 
N 
W c- 

b 
N 
CO 
d 
m 
W 

3 

N 

In 

d 

* * 
m 

In 

d 

d * 
0 
m 

d 
W 
In 

3 
c- 

X 
3 

d 
a3 
N 

d 

b 
P- 
hl * 

In m 
P 
hl 

hl 

In 
d 
N 

In * 
d 

* 
In 
d 
m 
P- 
N 

P- ea 
a, 
r( 

m 
W 

3 

hl 

In 

d 

m 
hl 

m 
In 

d 

d * 
0 
In 

W 
W 
P- 

0 
P- 

P- 

d 
P- 
30 
d 

9 
m 
3 
m 
N 

Q) 
P- 
3 

d * 
d 

* 
In 
d 
m 
t- 
N 

hl 
m 
0 
hl 
m 
W 

3 

hl 

In 

d 

m 
N 

m 

d 
P- 

d 

d * 
0 
In 

3 
30 
N 

0 
I? 

0 
P- 

0 
X 
N 

0 

* 
c3 
P 
d 

* 
m e- 
hl 

hl 

N 
d 
a, 

CD * 
d 

m 
d 
hl 
d 
m 
W 

3 

N 

In 

d 

m 
hl 

m 

OD 
d 

d 

h 

m n 
5. 
.- 
Y m 
3 
k c 
t-c 
0) u 
CJ 
k 
Y > 
-r: 

h 

0 
0) 
0 

Q) 
m 
3 

- 
d 

s 
U 

0 

O 
e, a 
rn 
e, 
% 
(d 
k 
Y 
> < 

.d 

'U .d 

h 

0 
e, 
m 
\ 
5 
Y 

e, 
r j  
k 
3 
0 
k 
X 

Y 

- 
s 
Q, 
% 
cj 
k 
Q, > 
--c 

h 

0 
e, 
VI 
Y 

0 
'3 w 
CI 

0 
e, 
VI 
Y 

0 u w 
3 

n 

fl 
Y 

-0 
cd 
0 
l-l 
X 
0 
4 



Table Xn. Output Tapes 

I 3 Sigma Cases: 

Case 

3 Sigma Cases: 

September 1329 
Decem be r 8584 

Nominal Cases:* 

1467 2707 5226 (File 11) 
1489 8333 8758 (File 11) 

August 
September 
October 
November 
December 

3 Sigma Cases: 

September 
December 

A-5 Tape 

8720 1042 1089 5226 (File 111) 
8651 10482 10529 8758 (File 111) 

Reel No. 

September 8233 

0995 
3880 

10876 
0497 
5260 

6187 6319 5226 (File IV) 

B-5 Tape 
Reel No. 

Decem be r 

3829 
3612 
0240 
1443 
4415 

7348 6493 5104 8758 (File IV) 

B-6 Tape 
Reel No. 

3 Sigma Cases: 

September 7732 
Decem be r 8608 

-3 Sigma Mixture Ratio Cases: 

September 1229 
Decm ber  6715 

Delivered to 
Section No. 2733 

3130 
3876 
1152 
3879 
1706 

9331 
6351 

0232 
1426 

2783 

B-6 COPY 
Reel No. 

6049 (Fi le  I) 
6049 (File 11) 
6049 (File 111) 
6049 (File IV) 
6049 (File V) 

9285 
6378 

OS8 1 
3041 

Library 

5226 (File V) 
8758 (File 1’) 

5226 (File VI) 
8758 (File VI) 

R-P&VE-PPE (MSFC 

* September Nominal Case B-6 Copy is also File I of Tape 5226 

1)ec.c.niht.r Soininal Case R-6 Copy is also File I of Tape 8758 
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Figure 1. Vehicle Longitudinal Thrust v s  Flight Time 
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Figure 2. Vehicle Specific Impulse v s  Flight Time 
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